Information on phase diagrams and thermodynamic properties of 30 simple and transition metals has been analyzed with the use of multi-phase equation of state (EOS). The comparison has been done with theoretical calculations of thermodynamic properties of solid, liquid, plasma, evaluations of the critical point and with results of static and dynamic experiments. The major attention has been paid to revealing of positions of high pressure melting and evaporating. We used direct temperature measurements which allow one to obtaine the pressure-temperature phase diagram and indirect information on phase transitions resulting from shock-wave experiments. Conclusions are made for high-pressure melting and evaporating, as well as for obtained parameters of the critical point.
INTRODUCTION
Metals have been widely investigated at high pressures, high temperatures. The available information includes theoretical calculations of thermodynamic properties of solid, liquid, plasma, evaluations of the critical point and numerous results of static and dynamic experiments. These theoretical and experimental data are separate partital derivatives (such as pressure, sound velocity, heat capacity, etc.) of thermodynamic potential known in specific regions of the whole phase diagram. We used a multi-phase wide-range EOS [1] to calculate thermodynamic properties and phase diagrams for 30 simple and transition metals. The goals of this work are analysis of phase diagrams of metals and comparison with available information. These results are applied to understanding of positions of high pressure melting and evaporation.
EOS MODEL AND THERMODYNAMIC PROPERTIES OF METALS
The detailed description of EOS model and results of calculations of phase diagrams for selected metals can be found somewhere [1, 2] . The semiempirical EOS model is given by the free energy thermodynamic potential and accounts for the cold lattice contribution and thermal contribution of atoms and electrons. The EOS provides for a correct description of phase boundaries -melting and evaporation, as well as effects of the first and primary ionization. The thermal atoms contribution in the model is different in solid and liquid state while the thermal electrons' contribution is identical.
The phase diagrams of metals were calculated with the use of the EOS, the comparison was done for static data, principal, reflected and porous Hugoniots, release isentropes, isobaric expansion data, density measurements in liquid metal, evaluations of the critical point. It was demonstrated that the developed EOS describe available data with high accuracy and reliability [1, 2] .
One should note, that the traditional presentation of the phase diagram deals with pressure-temperature (P -T) dependence [3, 4] in a condensed state. Our analysis includes available direct P -T data and results of other indirect measurements on high pressure melting and evaporation.
Ill

MELTING
Direct measurements of melting at high pressure have been fulfilled in static and dynamic experiments. Experiments done in traditional highpressure vessels typically are limited to 10 GPa pressure [3, 4] , defining the initial slope of the melting curve on P -7-diagram. The information obtained with the use of laser-heated diamond anvil ceils (DAC) is available in megabar pressure range. The comparison with DAC measurements in uranium is shown on Fig. 1 . Pressure, GPa
Analogous direct P -T measurements of melting have been done in dynamic experiments. Figure 2 illustrates the comparison with principal and porous Hugoniot data for magnesium, melting temperatures in re-shocked metal are given in Fig. 2 ,a.
Other indirect information on high pressure melting can be obtained from different types of shock-wave data. These are: precise data on principal and porous shock adiabats, sound velocity measurements in shocked metal, information on shock compression of cooled and heated samples. Density, g/cm Density, g/cm For example, melting effects are seen very well on shock Hugoniots of porous molybdenum (porousities m=1.26,1.83) presented in Fig. 3 . According to [7] , molybdenum melts in shock wave at pressure 390 GPa, see Fig. 3 ,a. The analysis of shock adiabats for cooled and heated liquid bismut [8] also allows one to locate a position of high pressure melting. Therefore, the position of melting region occures defined at moderate pressures from compendium's data on phase diagrams [3, 4] and at high pressures on the base of direct and indirect measurements.
EVAPORATION
Direct P -T measurements of evaporating region encounter serious difficulties due to high parameters of critical points for metals (of the order of 1 GPa and 10000 K). These data have been obtained for lead in experiments on isentropic expansion of shocked sample [9] , see One should note that experimental isentropes come into liquid-gas region (R on Fig. 5 ) from liquid (P H = 100-220 GPa) and gas (P H =270 and 370 GPa) phases, allowing a direct determination of evaporation curve R.
More traditional data on release expansion of shocked solid and porous samples in form of pressure -expansion velocity (P -U) dependence also include indirect information on evaporation. It is seen as change ofP-U slope, see Expansion velocity, km/s Temperature, 1000 K 20 FIGURE 7. Phase diagram for tungsten in the region of lower density. M and R -boundaries of melting and evaporation, CPcritical point, P -isobars, S -release isentropes, open pointsisobaric expansion data, closed points -evaluations of the critical point, dashed line -evaporation region from EOS [11] .
The EOS calculations show, that both isentropes S j and S 2 [10] are subcritical entering into evaporation region from liquid phase. The analysis of evaporation region with the critical point is more complicated for indirect data. It requires to account for other available information like isobaric expansion (IEX) data [12] and evaluations of the critical point.
Calculations with the use of this EOS and another EOS for liquid metals [11] demonstrated, that the correct description of evaporation pressure on release isentropes [10] , IEX and shock-wave data in liquid state corresponds to a quite defined position of evaporation region, see Fig. 7 ,
CONCLUSION
Wide-range multi-phase EOS have been constructed for 30 simple and transition metals. The analysis of thermodynamic properties and phase diagrams of metals at high pressure, high temperature demonstrated high accuracy and reliability of developed EOS, A detailed consideration of direct P -T arid indirect data allows one to make a conclusions on positions of high pressure melting and evaporation regions. Summary of parameters of critical points is given in Table 1 
